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Loudspeaker Combination 



The invention relates to a loudspeaker combination comprising at least two loudspeakers 
of which one is preceded by a low-pass frequency filter and the other by a phase shifter. 

Such a loudspeaker combination is disclosed in DE 44 47 269 CI Figure 2. As is 
conventional in such loudspeaker combinations, the electric signals to be converted into acoustic 
signals are supplied to two loudspeakers, and the one loudspeaker is preceded by a low-pass 
filter, the other loudspeaker by a high-pass filter such that with the one loudspeaker the low 
frequencies are radiated, with the other loudspeaker the high frequencies. Since this form of 
frequency division and frequency separation is unsatisfactory, a phase shifter has been disposed 
between the high-pass filter and the treble loudspeaker, with which the phase position of the 
high-pitch signals is shifted by 180 ° . Herewith rectangular pulses are said to be reproduced 
satisfactorily, however, the transmission quality is unsatisfactory for music and voice 
transmission. 

For sound transducers for the transmission of music and voice signals, in general 
requirements are made for specified sound pressure over wide frequency ranges, low intrinsic 
oscillations and low resonance, linear characteristics, a wide transmission range, low fabrication 
costs and, for application as insonation systems in events halls, public buildings etc., in addition 
the demand for uniform frequency-independent sound focusing and maximal settable radiation 



angle for various application purposes with minimum dimensions. While some of these 
requirements can be attained with present-day transducers and use of additional electronics, 
no transducer is known up to now which meets all of the above requirements to a satisfactory 
degree. 

To solve the above problems, different approaches have been realized in the past: 
in general, for the consumer market systems are used in which the frequency band is divided 
onto several bands and these are assigned to several diaphragms of different sizes. Large and 
heavy diaphragms transmit the bass range, while smaller, lighter diaphragms transmit the 
higher frequency ranges. Based on this construction, the problem of different focusing factors, 
phase responses and group delays of the discrete systems leads to irregularities in the radiative 
and transmission behavior of the overall system in the filter transition band entailed therein. 
Moreover, due to interferences between the systems and outside of the main radiation axis 
irregularities occur in the degree of transmission. 

Since loudspeakers of known structural type do not fulfill the requirements for high 
quality of voice and sound transmission, multiple attempts have been made to improve the 
transmission quality by combining loudspeakers of different and like structural type with and 
without preceding frequency filters. In the case of these constructions the problem also arises 
of differing focusing factors, phase responses and group delays of the discrete systems and 
entailed therein irregularities in the radiative and transmission behavior of the overall system 



in the filter transition band. Moreover, through interferences between the systems outside of the 
main radiation axis, irregularities results in the degree of transmission. 

The invention avoids the disadvantages of prior art. The invention addresses the 
problem of providing with simple means a configuration simple of realization of such a 
loudspeaker combination, whose frequency response and whose radiation characteristic is 
significantly improved. 

The invention comprises that from the (at least) two loudspeakers (at least) one radiates 
only low tones, (at least) another one low tones and at least tones of medium frequency, and 
that the phase shif ter (s) in front of the loudspeakers radiating low tones as well as also at least 
medium frequency tones are set such that all phase shifters with respect to their phase setting 
are tuned to the phase position of the loudspeaker(s) radiating only lower tones. In this way, 
all loudspeakers radiate the low tones in like phase position, such that no interferences or similar 
phenomena occur. 

By applying and combining these technical characteristics it is no longer necessary to 
utilize specifically very large and thereby also sluggish as well as expensive bass loudspeakers 
with diaphragms of great weight in order to attain good sound quality in the bass range, rather, 
it is possible to employ several identically structured loudspeakers of a cost-effective 
implementation, which, due to their lighter diaphragms, respond faster in order to radiate with 
all of these the low tones, while the medium and high tone ranges are only radiated with a 



portion of the loudspeakers. A large loudspeaker area radiating in-phase transmits the low 
tones, while a smaller loudspeaker area radiates the medium and high frequency ranges. This 
yields better transmission results than those that can be achieved with loudspeaker 
combinations whose structural form is laid out for specific frequency ranges. 

In order to be able to produce this loudspeaker combination highly cost-effectively, it is 
advantageous that at least one of the loudspeakers also radiating tones of the medium 
frequency range of this loudspeaker combination is of identical structural type and form as the 
loudspeaker which is preceded by the low-pass filter. In this way it is possible to utilize 
loudspeakers of industrial mass production and, apart from said technical advantages, also lead 
to economic advantages. 

It is therein advantageous if all or at least several loudspeakers of this loudspeaker 
combination (without preceding filter and phase shifter) have identical or at least highly similar 
frequency characteristics. 

The fundamental idea of the invention comprises employing several principally 
identically structured loudspeakers, allowing all or at least the major portion of the loudspeakers 
to radiate the low tones, wherein the loudspeakers, which, in addition to the low frequencies, 
also have to transmit relatively higher frequencies, are changed with respect to their phase 
position such that the low frequencies are radiated by all loudspeakers which radiate low 
frequencies, in the same phase position. A large loudspeaker area transmits low frequencies, 
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a smaller one medium and high frequencies. This yields better transmission results than can 
be attained with loudspeakers structurally laid out for separated frequency ranges. 

The fundamental form of the present invention resides therein that two identically 
structured loudspeakers are provided in the combination and that the loudspeaker without 
preceding low-pass filter is preceded by a phase shifter which, with respect to its phase setting, 
is tuned to the phase position of the bass loudspeaker. 

Hereby the technical expenditures are low, the attainable improvement of the radiation 
characteristics, however, is remarkable. The phase setting can be carried out in simple manner. 
Thereby is attained ready adaptation to the particular space to be insonated. In spite of the low 
expenditures, voice audibility and music suitability are significantly improved. Focusing of the 
sound radiation, which is largely independent of frequency, is attained without pronounced 
secondary lobes. A highly homogeneous and low-interference radiative behavior is obtained. 

With this loudspeaker combination the loudspeaker (s) connected to the low-pass filter 
and the loudspeaker(s) connected to the phase shifter can be identical or very similar in their 
structural type and size. This yields not only price advantages when purchasing relatively large 
quantities but also acoustic advantages of various types. Low tones are radiated from several 
loudspeakers in-phase, high tones only from a single loudspeaker or a few loudspeakers of 
identical radiation characteristic. 



With this loudspeaker combination it is entirely possible and, for relatively large systems, 
recommended that several loudspeakers are connected to the low-pass filter and/or several 
loudspeakers to the phase shifter. 

For greater sound powers and improved sound quality it is of advantage if a further 
loudspeaker in this combination is provided which is preceded by a low-pass filter, however 
with higher upper pass frequency, as well as also by a phase shifter, whose phase setting is 
tuned to the phase position of the bass loudspeaker, and that at least one treble loudspeaker 
with preceding high-pass filter is additionally provided in this loudspeaker combination. 

It is useful if the all-pass filter is structured entirely of passive circuit elements . But the 
all-pass filter can also be structured of active and passive circuit elements. 

It is further of advantage if the two identical or highly similar loudspeakers, of which the 
one is preceded by a low-pass filter, the other by a phase shifter, are jointly accommodated with 
a treble loudspeaker in a common housing. 

The loudspeaker combination can also be a loudspeaker series, in which the 
loudspeakers are accommodated in a long housing and form a loudspeaker series. 

In the case of a loudspeaker series it is of advantage if the bass loudspeakers are disposed 
at the ends or at the outsides of the loudspeaker series. 

The essence of the invention will be explained in further detail in conjunction with 
embodiment examples depicted in the drawing schematically in block circuit diagrams. 



Therein depict: 



Fig. 1 abasic circuit with two identically structured loudspeakers, operated with passive 

filters, 

Fig. 2 the basic circuit with two identically structured loudspeakers, operated with 

active filters, 

Fig. 3 a circuit with three identical loudspeakers operated with passive filters, 

Fig. 4 the circuit with three identical loudspeakers operated with active filters, 

Fig. 5 the base circuit expanded by an additional treble loudspeaker, 

Fig. 6 the basic circuit with the twofold loudspeaker number. 



The loudspeaker combination according to the invention comprises in its basic circuit 
shown in Figure 1 and 2 two identically structured loudspeakers 2, 3 installed in a housing 1, 
of which the one loudspeaker 3 is preceded by a low-pass frequency filter 4. The other 
loudspeaker 2 is preceded by an all-pass filter 5 with phase shifter, which, with respect to its 
phase setting, is tuned to the phase position of the loudspeaker 3 provided for radiating low 
tones. Although both loudspeakers 2, 3 are of identical structural type and form and not built 
specifically, or only within limits, for radiating low frequencies and, in terms of their geometric 
forming, are well suited for radiating medium frequencies, in this combination, provided there 
is suitable phase adaptation of the all-pass filter 5, a better radiation result is attained than when 



utilizing different loudspeakers adapted to specific frequency ranges. 

In the embodiment depicted in Figure 2, to the passive structural components have been 
added amplifiers 6, 7 as active structural components. 

In Figure 3, relative to the basic circuit (Figure 1), the loudspeaker combination is 
expanded by a further loudspeaker 8, also of a structural type and form identical to 
loudspeakers 2 and 3. In this combination, in which the loudspeaker 3, as in the basic circuit 
of Figure 1, is preceded by a low-pass filter 4 and the loudspeaker 2 by an all-pass filter 5 with 
phase shifter, additionally, the all-pass filter 5 is preceded by a low-pass filter 9, which, however, 
relative to low-pass filter 4, has a higher upper pass frequency. The additional loudspeaker 8 
is now preceded by two additional all-pass filters 10 and 11 with phase shifters. The all-pass 
filter 10 is tuned in its phase position to the low-pass filter 4 preceding loudspeaker 3, and the 
all-pass filter 11 is tuned to the low-pass filter 9 preceding loudspeaker 2, while the all-pass filter 
5, as in the basic circuit, is tuned to the low-pass filter 4 in its phase position. Provided there is 
suitable phase adaptation of the all-pass filters 5, 10, 11, in this combination abetter radiation 
result is attained than when utilizing different loudspeakers adapted to certain frequency 
ranges. 

In this loudspeaker combination it is, for example, possible for the low-pass filter 4 to be 
laid out for an upper pass frequency of 250 Hz and the low-pass filter 9 for an upper pass 
frequency of 500 Hz. 



The embodiment, depicted in Figure 4 and equipped with active structural elements, of 
a loudspeaker combination with three identical loudspeakers is structured slightly differently 
from the embodiment shown in Figure 3 with only passive structural elements. 

The three loudspeakers 2, 3, 8 are each preceded by an amplifier 6, 7, 12 as the active 
element. The loudspeaker 3 with amplifier 7, as in the basic circuit, is only preceded by a low- 
pass filter 4, the loudspeaker 2 by a low-pass filter 9 and an all-pass filter 5 with phase shifter 
tuned, with respect to its phase position, to low-pass filter 4. Across a tap between the all-pass 
filter 5 and the low-pass filter 9 the loudspeaker 8 equipped with amplifier 6 is supplied, which 
is preceded by an all-pass filter 1 1 . This is tuned to the low-pass filter 9, while the all-pass filter 
5 is tuned to the low-pass filter 4. 

In addition to the identically structured loudspeakers 2 and 3, in the embodiment of 
Figure 5 is installed a treble loudspeaker 14 in housing 1 . It is preceded by a high-pass filter 13, 
which, for examples passes frequencies higher than 2 kHz. Loudspeaker 3 is preceded by low- 
pass filter 4 with an upper pass frequency of, for example, 500 Hz, and this is preceded by a 
further low-pass filter 15 with an upper pass frequency of 2 kHz. Loudspeaker 2 is connected 
to all-pass filter 5 with phase shifter and it to a tap between the two low-pass filters 4 and 5. 

Figure 6 shows the basic circuit of Figure 1 with the twofold loudspeaker number in 
housing 1, in which the loudspeakers radiating the basses are disposed on the outsides of the 
loudspeaker series. 



As filters can also be employed such which digitally process signals and audio pulses of 
different frequencies. 
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List of Reference Numbers 

Housing 

Loudspeaker 

Loudspeaker 

Low-pass frequency filter 

All-pass filter with phase shifter 

Amplifier 

Amplifier 

Loudspeaker 

Low-pass frequency filter 

All-pass filter with phase shifter 

All-pass filter with phase shifter 

Amplifier 

High-pass filter 

Treble loudspeaker 

Low-pass filter 
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Patent Claims 

Loudspeaker combination, 

comprising at least two loudspeakers (2, 3), of which one (3) is preceded by a low-pass 
frequency filter (4) and the other (2) by a phase shifter (5), 
characterized in 

that of the (at least) two loudspeakers (2, 3) (at least) one (3) radiates low tones (at least) 
one other (2) low and at least tones of medium frequency, 

and that the phase shif ter(s) (5) in front of the loudspeakers (2) radiating low as well as 
also at least tones of medium frequency, are set such 

that all phase shifters (5), with respect to their phase setting are tuned to the phase 
position of the loudspeaker(s) (3) radiating only lower tones. 
Loudspeaker combination as claimed in claim 1, 
characterized in 

that at least one of the loudspeakers (2, 8), radiating also tones of the medium frequency 
range, of this loudspeaker combination is of the same structural type and form as the 
loudspeaker (3) with the preceding low-pass filter (4). 
Loudspeaker combination as claimed in claim 1, 

characterized in that all or at least several loudspeakers (2, 3, 8) of this loudspeaker 
combination (without preceding filters and phase shifter) have identical or at least highly 
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similar frequency characteristics. 
Loudspeaker combination as claimed in claim 1, 

characterized in that all or at least several loudspeakers (2, 3, 8) of this loudspeaker 
combination are of identical structural type and form. 
Loudspeaker combination as claimed in claim 1, 

characterized in that the loudspeaker combination in its base form comprises two 
loudspeakers (2, 3), of which the one (3) is only preceded by a low-pass frequency filter 
(4), such that it only radiates tones of the bass range, and the other loudspeaker (2) is 
preceded by a phase shifter (5) alone, such that it radiates tones of the medium as well 
as also of the low tone range, 

and that this loudspeaker (2) radiating tones of the low as well as also of the medium 
tone range, is tuned in the phase setting of its bass range to the phase position of the bass 
loudspeaker (3). 

Loudspeaker combination as claimed in claim 1, 
characterized in 

that the phase shifter (5) is an all-pass filter with a phase shifting element. 
Loudspeaker combination as claimed in claim 1, 

characterized in that additionally at least one treble loudspeaker (14) with preceding 
high-pass filter (13) is provided in this loudspeaker combination. 
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Loudspeaker combination as claimed in claim 1, 

characterized in that in this combination, in which the loudspeaker (3) is preceded by 
a low-pass filter (4) and the other loudspeaker (2) by an all-pass filter (5) with phase 
shifter, a further additional loudspeaker (8), radiating, in addition to tones of medium 
frequency, also tones of the bass range, with preceding all-pass filter (10) is provided, 
that, in addition to the all-pass filter (5) preceding the loudspeaker (2), a low-pass filter 
(9) precedes it, which, however, relative to the low-pass filter (4), has a higher upper pass 
frequency, 

and that the additional loudspeaker (8), in addition to the all-pass filter (10), is preceded 
by a further all-pass filter (11) with phase shifter, 

with the all-pass filter (10) in its phase position being tuned to the low-pass filter (4) 
preceding the loudspeaker (3) and the other all-pass filter (11) to the low-pass filter (9) 
preceding the loudspeaker (2), 

while the all-pass filter (5), as in the base circuit, is tuned to the low-pass filter (4) in its 
phase position. 

Loudspeaker combination as claimed in claim 1, 

characterized in that the loudspeakers (2, 3, 8) of this loudspeaker combination are 
preceded by amplifiers (6, 7, 12) as active circuit elements, 
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that the one loudspeaker (3) with amplifier (7), as in the basic circuit, is only preceded 

by a low-pass filter (4), the loudspeaker (2) by a low-pass filter (9) and an all-pass filter 

(5) with phase shifter tuned in its phase position to the low-pass filter (4), 

that across a tap between the all-pass filter (5) and the low-pass filter (9) the loudspeaker 

equipped with the amplifier (6) is supplied, which is preceded by an all-pass filter (11), 

with this being tuned to the low-pass filter (9), 

while the all-pass filter (5) is tuned to the low-pass filter (4). 

Loudspeaker combination as claimed in claim 1, 

characterized in 

that when employing two loudspeakers, both loudspeakers radiate low tones, 

that both loudspeakers are of identical structural type and form, 

that the one loudspeaker radiates only low, the other loudspeaker low tones and tones 

of the medium (and preferably also high) frequency ranges, 

and that in both loudspeakers the same phase position of the low tones is set. 
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Abstract 

The invention relates to a loudspeaker combination comprised of at least two 
loudspeakers, of which one is preceded by a low-pass frequency filter, the other by a phase 
shifter in the form of an all-pass filter. The invention addresses the problem of providing with 
simple means a configuration simple of realization of such a loudspeaker combination, whose 
frequency response and whose radiation characteristic is significantly improved. The invention 
resides therein that the other loudspeaker or the other loudspeakers is/are each preceded by at 
least one phase shifter, with all phase shifters being tuned with respect to their phase setting to 
the phase position of the loudspeakers radiating lower tones, such that all loudspeakers radiate 
the low tones in like phase position. The fundamental idea is herein: several primarily 
identically structured loudspeakers can be employed, all or at least the major portion of the 
loudspeakers are allowed to transmit low tones, with the loudspeakers, which, in addition to the 
low frequencies, also have to transmit higher frequencies, being changed in their phase position 
such that the low and the particular lower frequencies are radiated in identical phase position. 
A large loudspeaker area therein transmits the low frequencies, a smaller the medium and high 
frequencies. This yields better transmission results than can be attained with loudspeakers laid 
out in their structural form for separated frequency ranges. Hereby the technical expenditures 
are low, the possibly attainable improvement of radiation characteristics, however, is 
remarkable. 
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As a below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my 

name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or 
an original, first and joint inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a design patent is sought on the invention entitled MuWpfe 
Speaker . the specification of which 
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Application Serial No»; 
and was amended on _ 
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I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as 
defined in Title 37, Code of Federal Regulations, §L56(a)« 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of 
any foreign application(s) for patent or inventor's certificate listed below and have also 
identified below any foreign application for patent or inventor's certificate having a filing 
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application is not disclosed in the prior United States application in the manner provided 
by the first paragraph of Title 35, United States Code §112, 1 acknowledge the duty to 
disclose information which is material to patentability as defined in Title 37, Code of 
Federal Regulations, 11.56(a) which became available between the filing date of the prior 



application and the national or PCT international filing date of this application; 


Appln. Serial No. 


Filing Date 


Status: Patented, Pending Abandoned 






□ Patented a Pending Q Abandoned 






O Patented □ Pending □ Abandoned 






□ Patented □ Pending □ Abandoned 



fc-F-BS-2002" 13:20 



UON : PATEN' 

JftN-18-2002 



4. 



.OR. JUNIUS+ +49-5il-9^£ia^ AN 147234301 c. 3 

LflCKENBflOj JIEGEL LLP ~ 914 723 4301 P. 06/06 

I hereby appoint the following attorney (s) and/or agent(s) to prosecute the application 
entitled Multiple Speaker and to transact all business in the Patent and Trademark 
Office connected therewith: 

HENRY A. MARZULLO, JiU Reg. No. 20,910; HOWARD N. ARONSON, Reg. No. 27,302; 

MYRON GREENSPAN, Reg. NqJJ&^Ol. MARVIN FELDMAN, Reg. No^W; J.HAROLD 

NISSEN, Reg. N o. 17,283 ; and THOMAS BLANKINSHIP, Reg. N o. 39,909 , 
Address all telephone calls to Myron Greenspan, at telephone number (914) 723-4300, or 
to the attorney executing the last document; address all correspondence to LACKENBACH 
SIEGEL at One Chase Road, Scarsdale. NewJEork-4u583 U.S.A. 

1 hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Tide 18 
of the United States Code, and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 



Full Nama of First or Sole Invontor 
Martin KLING 



CtUMMhlp 

GERMAN 



RESIDENCE Addraaa - Street 

Junkers&trasse 14 



POST OFFICE Addrwo - Sfrwt 

(same as residence) 



city tap) -301 79 Hannover 



State or Country 

GERMANY 



State or Country 




RESIDENCE Address - Street 



POST OFFICE Address - Street 



City (Zip) - 



City (Zip) 



State or Country 



State or Country 



Date 



Signature 



Full Name of Third Joint Inventor 



Citizenship 



RESIDENCE Address - Street 



POST OFFICE Address - Street 



City (Zip) 



City (Zip) 



State or Country 



State or Country 



Date 



Signature 



□ Additional inventors are being named on separately numbered sheets attached hereto. 



